Substrate-assisted cysteine deprotonation in the mechanism of dimethylargininase (DDAH) from Pseudomonas aeruginosa.
The enzyme dimethylargininase (also known as dimethylarginine dimethylaminohydrolase or DDAH; EC 3.5.3.18) catalyzes the hydrolysis of endogenous nitric oxide synthase inhibitors, N(omega)-methyl-l-arginine and N(omega),N(omega)-dimethyl-l-arginine. Understanding the mechanism and regulation of DDAH activity is important for developing ways to control nitric oxide production during angiogenesis and in many cases of vascular endothelial pathobiology. Several possible physiological regulation mechanisms of DDAH depend upon the presence of an active-site cysteine residue, Cys249 in Pseudomonas aeruginosa (Pa) DDAH, which is proposed to serve as a nucleophile in the catalytic mechanism. Through the use of pH-dependent ultraviolet and visible (UV-vis) difference spectroscopy and inactivation kinetics, the pK(a) of the active-site Cys249 in the resting enzyme was found to be unperturbed from pK(a) values of typical noncatalytic cysteine residues. In contrast, the pH dependence of k(cat) values indicates a much lower apparent pK(a) value. UV-vis difference spectroscopy between wild-type and C249S DDAH shows absorbance changes consistent with Cys249 deprotonation to the anionic thiolate upon binding positively charged ligands. The proton from Cys249 is lost either to the solvent or to an unidentified general base. A mutation of the active-site histidine residue, H162G, does not eliminate cysteine nucleophilicity, further arguing against a pre-formed ion pair with Cys249. Finally, UV-vis and X-ray absorption spectroscopy revealed that inhibitory metal ions can bind at these two active-site residues, Cys249 and His162, and also stabilize the anionic form of Cys249. These results support a proposed substrate-assisted mechanism for Pa DDAH in which ligand binding modulates the reactivity of the active-site cysteine.